Abstract. Pose error is one of the key performance factors for parallel mechanisms. This paper deals with sensitivity analysis of pose error of a 3-PPPS pose alignment for large components. First, the total differential method was taken to deduce the relationship between original errors and pose errors of the moving platform based on a parallel mechanism. Then, the sensitivity of original errors of the parallel mechanism to errors of the moving platform was expressed. Finally, the effects of the moving platform poses on the error sensitivities were studied. The results show that the sensitivity values of position errors are bigger than orientation errors' and the pose of moving platform has little effect on the error sensitivity, and established a foundation for the accuracy analysis of the 3-PPPS parallel mechanism.
Introduction
Since 1980, there has been an increasing interest in the development of parallel mechanisms which can be defined as a closed loop kinematic chain mechanism whose end effector is linked to the base by several independent kinematic chains. Parallel mechanisms are better than conventional serial mechanisms for the advantages of greater load carrying capacity, low inertia, high structural stiffness, reduced sensitivity to certain errors, and built-in redundancy [1] . Nowadays parallel mechanisms are widely popular in the fields of mining machine, material handling, motion platform, machine tools, vehicle suspensions, and telescope positioning system.
With the advance of digital assembly technology for large components in the aerospace industry, in shipbuilding and the construction of rail vehicles, the pose alignment system based on parallel kinematic chains gradually obtains development and application [2] . Nowadays parallel mechanisms in aerospace for pose alignment are usually with several Prismatic-Prismatic-Prismatic-Spherical pairs (n-PPPS), and n represents the number of branch chain in one parallel mechanism [3] . Caro dealt with the non-singular assembly mode changing of a six-degree-freedom parallel manipulator, and the manipulator was composed of three identical limbs and one moving platform and each limb was composed of three prismatic joints of directions orthogonal to each other and one spherical joint [4] . However Caro's architectures with 3-PPPS branches are differing from the pose alignment system popular in aircraft manufacturing enterprise.
Zhang presented a novel pose alignment system based on three parallel branches for the assembly of aircraft wings, and the branches together with the wing were considered as a 3-PPPS redundant parallel mechanism, and completely analyzed the inverse dynamics with the Newton-Euler algorithm, which was used to find the desired actuating torque in the design and path planning phase. However, the accuracy issue of the parallel mechanism was not concerned in the paper [5] . Song proposed a systematic approach to evaluate the accuracy of a parallel mechanism subject to structural errors and performed sensitivity analysis of the 33 sources of errors [6] . Xu derived the conventional error transformation matrix based on the differentiation of kinematic equations, and performed the optimization of architectural parameters for a class of translational parallel kinematic machine with the particle swarm optimization to achieve the best accuracy characteristics [7] .
This article is organized as follows: First, the construction of parallel mechanism with 3-PPPS branches was analyzed and the position vector equation was established by one branch. Second, the error model between original errors and pose errors of the parallel mechanism moving platform was deduced by the total differential method. Third, the sensitivity of original errors to the moving platform errors was expressed. Finally, the effect of moving platform pose on the error sensitivity was studied.
Position Analyses for the 3-PPPS Parallel Mechanism
In the large components alignment system, each PPPS branch has three prismatic pairs of directions orthogonal to each other and one spherical pair. One end of each branch is connected to the joint of the large component (the moving platform) through the three-degree-of-freedom spherical joint, and the other end of the branch fixed on the base platform Coordinate systems were defined in the following for the purpose of convenient analysis. The moving coordinate frame O'-UVW was located at the mass center of the moving platform, and the global coordinate system O-XYZ was appended to the base platform. The pose of the moving platform can be described by a position vector [ ] 
where c denotes cos(.), while s denotes sin(.). A closed loop position equation of the ith PPPS kinematic branch could be achieved from the vector schematic shown in Figure. 1 [8] . 
where r ,
x y z e , i b and i d denote the vector OO', the vector from the mass center to the spherical joint center in the moving coordinate, the vector from the base platform center to the fixed point of the ith branch, the joint variable of the ith branch along X-axis, the joint variable of the ith branch along Y-axis, the joint variable of the ith branch along Z-axis, the unit vector along XYZ axes, the vector B i C i and the vector D i E i respectively.
Error Model of the Parallel Mechanism
The original errors that affect the accuracy of motion platform position mainly includes: 
Because x e is a unit vector, then 1 x x = e e , 0 
Combining the total three equations of each branch, then 1  1  1  1  1  1  1  1  1  1   2  2  2  2  2  2  2  2  2  2   3  3  3  3  3  3  3  3  3 
where ∆e , p J , ∆a , ∆q and ∆f denotes moving platform pose errors, the Jacobean matrix of the parallel mechanism, the manufacturing and assembly errors of each branch, the driving errors of each branch, location errors of the moving platform and the connecting errors between the moving platform and three branches respectivly.Thus it can be seen that pose errors of the moving platform are related to the manufacturing and assembly errors of each branch, the driving errors of each branch, and positioning errors of the moving platform.
Sensitivity Analysis
In order to comprehensively consider the position errors in the X, Y, and Z directions, the moving platform position error is defined as follow [9] :
Similarly, the orientation error is defined as:
(10) Error sensitivity refers to the influence of each error term of original errors on the moving platform errors. The sensitivity analyses results will also help to determine the proper approach for error modeling and compensation. In the analyses process each original error is 1, and then position and orientation error sensitivity is presented by r S and S Ω respectively. Equa. (8) is converted into an equation with linear style to solve r S and S Ω . 
where ij α is the influence coefficient of original errors on the moving platform errors and is a function of the moving platform pose, and j δ is the value of original errors. Bring Equa.(11) into Equa. (9) and (10), and take partial derivative for j δ and let the others original errors equal to zero, then the position and orientation sensitivity of j δ can be expressed as follow respectively: θ ϕ ψ = . The position and orientation error sensitivity can be calculated as shown in Fig.2 and Fig.3 according Equa. (12) and (13). The results show that the position sensitivity is bigger than orientation sensitivity, and the moving platform location errors have a greater impact on position error sensitivity at current pose, and the influence of Z-direction errors in all errors on the orientation error sensitivity is biggest, and the driving errors, the assembly and manufacturing errors of each branch almost have the same impact on the position and orientation error sensitivity. 
Conclusion
Parallel mechanisms with 3-PPPS branch are widely used for large component pose alignment in the airplane industry. This paper deals with the error sensitivity analyses between original errors and pose errors of the moving platform. The results show that the position sensitivity is bigger than orientation sensitivity, and the influence of Z-direction errors in all errors on the orientation error sensitivity is biggest and the error sensitivities change in small amount in the process of pose changes.
